Quasicrystals provide a fascinating class of materials with intriguing properties. Despite a strong potential for numerous technical applications, the conditions under which quasicrystals form are still poorly understood. Currently, it is not clear why most quasicrystals hold 5-or 10-fold symmetry but no single example with 7 or 9-fold symmetry has ever been observed. Here we report on geometrical constraints which impede the formation of quasicrystals with certain symmetries in a colloidal model system. Experimentally, colloidal quasicrystals are created by subjecting micron-sized particles to two-dimensional quasiperiodic potential landscapes created by n=5 or seven laser beams. Our results clearly demonstrate that quasicrystalline order is much easier established for n = 5 compared to n = 7. With increasing laser intensity we observe that the colloids first adopt quasiperiodic order at local areas which then laterally grow until an extended quasicrystalline layer forms. As nucleation sites where quasiperiodicity originates, we identify highly symmetric motifs in the laser pattern. We find that their density strongly varies with n and surprisingly is smallest exactly for those quasicrystalline symmetries which have never been observed in atomic systems. Since such high symmetry motifs also exist in atomic quasicrystals where they act as preferential adsorption sites, this suggests that it is indeed the deficiency of such motifs which accounts for the absence of materials with e.g. 7-fold symmetry.
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The presence or lack of order is of primary importance in a broad range of fundamental phenomena in science. Until the early 1980s, it was unanimously established that ordered matter is always periodic (1) . Accordingly, the rotational symmetry in real space was thought to be limited to N=2,3,4 and 6. However some metal alloys (2) , polymers (3), micelles (4) , and even recently colloidal nanoparticles (5) and nonspherical particles (6) , have defied these crystallographic rules and self-organized into so-called quasicrystals. These structures form a novel type of matter which -unlike periodic crystals or amorphous materials -exhibit long-range positional order but are not periodic. Quasicrystals show many interesting properties which are quite different compared to that of periodic crystals. Accordingly, they are considered as materials with high technological potential e.g. as surface coatings, thermal barriers, catalysts or photonic materials (7).
Since the properties of quasicrystals are strongly connected to their atomic structure, a better understanding of their growth mechanisms is of great importance (8) (9) (10) (11) . Perhaps one of the most interesting questions in this context is why all observed quasicrystals have only 5-, 8-, 10-, and 12-fold symmetry but no single quasicrystal with 7-, 9-,11-, and 13-fold symmetry was ever found (12) . give important insights into the fundamental principles on how ordered matter arises in general (12, 15, 16) .
The peculiarity of quasicrystals with rank D=6, for instance, was lately illustrated by simple geometrical arguments ( Fig.1) (17) . Starting with a pentagonal, hexagonal or heptagonal tile, one can construct 5-, 6-or 7-fold structures by iteratively adding identical clusters at the free edges.
Although the building complexity of all three structures is quite similar, their decoration with atoms or molecules is not.
Contrary to the 5-fold structure which leaves voids (white), the 7-fold structure causes overlaps of different shapes (green). Their atomic decoration becomes nontrivial due to steric hindrance. Similar, non-uniform overlaps, however, also occur for e.g. 8-fold structures (being indeed observed in atomic systems); therefore additional reasons for the absence of 7-fold quasicrystals must exist.
Experimental Procedure
Because regular or semiregular polyhedra with more than 5-fold symmetry do not exist, any quasicrystal with N>6 will be comprised of periodically stacked quasicrystalline layers (18) . In particular, this argument would also apply to a hypothetical quasicrystal with 7-fold symmetry. Therefore, in our work we are searching for hurdles that impede the formation of certain symmetries in two-dimensional systems.
To induce quasiperiodic order of different symmetries -even such not found in nature -we apply an external quasiperiodic potential landscape to a system of micron-sized colloidal particles and study how the latter assumes quasiperiodic order when the potential strength is increased. Despite their much simpler pair potential, colloids show many striking similarities with atomic systems and can therefore be regarded as mesoscopic model systems (19) . As a consequence of their length scale, they offer the unique opportunity to investigate this process in real space and real time.
Experimentally, we created quasiperiodic potentials with rank D=4 and rank D=6 by interfering n=5. and 7 laser beams with parallel polarization (20, 21) 
Assembly of periodic and quasiperiodic tilings according to the method of polysynthetic twinning (17). The construction principle consists in starting with a nucleus polygon and then iteratively adding others to the free edges. Pentagons lead to a tiling with quasiperiodic 5-fold local symmetry including gaps (white). From hexagons a periodic tiling without any gaps is obtained. For heptagons, the tiling contains both gaps (white) and non-uniform overlapping regions (green) leading to non-trivial steric hindrance problems when decorating the tiles with atoms.

Results and Discussion
Figs.2a,e shows the measured intensity distribution of 
f,g,h Comparison of typical configurations of colloidal particles in the presence of the 5-beam (b,c) or the 7-beam (f-h) pattern for different laser intensities ( = 0.028 µm -2 ,  -1 ≈100nm). d, Bond-orientational order parameter of the colloidal system on quasiperiodic patterns of 5 and 7 laser beams.
-g, Particle positions (taken from a-c) superimposed to the light pattern (grey contour). Particles, whose nearest neighbors are not 6-fold coordinated, and overlap by more than 50% with an intensity maximum of the laser field are colored in red (white otherwise). The yellow and green patterns indicate distinct symmetric motifs in the laser pattern and are a guide to the eye. h, Contour plot of the 7-beam light pattern with heptagons (green) and high symmetry stars (yellow).
Figure 4: High-symmetry star densities a, Calculated 3-, 5-, 7-and 8-beam interference patterns. The white polygons highlight high symmetry stars (note that in the 3-beam pattern, every well is the center of a high symmetry star). The inset shows a single high symmetry star for each pattern. b, Number density of high symmetry stars F calculated for n-beam patterns with 3 12. The density of high symmetry stars is defined by the fraction of wells deeper than 99% of the deepest well. For 11-beam patterns the value provides an upper limit.
identify regions where the initial hexagonal structure of the particles becomes distorted by the underlying laser field. For I 0 =0 the particles arrange in a single hexagonal domain with most of the particles having 6 nearest neighbors. Upon increasing I 0 , the interaction with the quasiperiodic laser field leads to an increasing number of defects. Interestingly, these defects develop at rather localized regions (center of Fig.3a) and remain there during the entire measurement. Further increase of I 0 leads to a spatial extension of the defect area (Fig.3b) until finally most of the particles lost their 6-fold coordination (Fig.3c) . In this situation, the particles almost perfectly follow the underlying quasiperiodic light field as seen by the 14-fold rotational symmetry of the corresponding structure factor (Fig.3d) i.e. for laser fields with rank D=4, the value of F is around a factor of 100 smaller (ii) and for n=7, 9, 11 (D 6) the density of high symmetry stars further decreases significantly (iii). In particular the large difference in F for n=5 and 7 now explains why colloidal quasiperiodic order was rather difficult to achieve in laser patterns created with 7 laser beams compared to 5. It should be mentioned, that the observed F-dependence is a rather generic property of quasiperiodic structures which is not limited to interference patterns but also found in n-fold rhombic tilings (see supplementary figure S1 ).
It is important to realize that all quasicrystalline symmetries in regime (ii) have been experimentally observed in atomic systems (17) 
Materials and Methods
As colloidal particles we used polystyrene particles with a radius of R=1.45µm, polydispersity of 4% and a negative surface charge density of 9.8µC/cm 2 (IDC, Batch#1212). The Due to the absence of periodicity, a translational order parameter is not suitable to describe quasiperiodic order.
Instead we used the m-bond orientational order parameter To quantify the number density of high symmetry stars F we calculated the potentials that correspond to the intensity distribution of the laser fields (see also (31) , (32)) and determined the fraction of local minima whose depths is at least 99% of the deepest well. At a deep potential well the laser beams are almost in phase and therefore such a minimum is the center of a high symmetry star. 
